Previous studies of distribution and habitat use by meadow jumping mice (Zapus hudsonius) have focused on local habitat associations. Our objectives were to predict occupancy of meadow jumping mice and identify local-, patch-, and landscape-specific factors correlated with the species' occurrence. We livetrapped for 5 consecutive days at each of 922 sites during summers of 2001-2003 in thirty-five 23-km 2 landscapes located across the upper Wabash River basin, Indiana. At 474 of these sites (300 forest and 174 grassland), we measured local habitat variables and computed metrics of patch size, shape, and isolation. Meadow jumping mice were captured 242 times at 69 of the 474 sites. The species did not associate with grassland habitat more frequently than forest habitat and was slightly more likely to be captured in forested corridors than in forest patches. Occupancy models fitted separately for grassland and forest sites revealed positive effects of stem density ,1 m (forest) and 1-2 m (grassland) aboveground, but no effects of patch attributes. Probability of detection increased with lower temperatures at forest sites. Surprisingly, the extent of grasslands in landscapes had no effect on overall occupancy rates. Instead, variation in mean site-specific occupancy estimates among landscapes was related to the amount of forest cover; more heavily forested landscapes exhibited greater overall occupancy probabilities. Tests failed to identify a critical threshold of forest cover below which occupancy declined at an accelerated rate. More powerful tests are needed, because the existence of a threshold could have important implications for long-term viability of meadow jumping mice across the basin.
Habitat loss and fragmentation can have adverse effects on occupancy and viability for many species. We examined in detail the occupancy patterns of meadow jumping mice (Zapus hudsonius). We posit that the species' niche breadth, specifically its ability to use alternative habitat, may be important to its persistence in landscapes consisting of relatively few suitable habitat patches (Swihart et al. 2003b) .
Previous studies of meadow jumping mice have focused almost exclusively on local habitat associations of meadow jumping mice rather than the context within which habitats are found, or their implications for population persistence. Most of these studies concluded that meadow jumping mice select grassland sites (Bellows et al. 2001; Dexter 1954; Getz 1961; Gifford and Whitebread 1951; Hamilton 1935; Iverson et al. 1967; Quimby 1951) . We are aware of only 1 study in which meadow jumping mice selected forest over grassland sites (Maisonneuve and Rioux 2001) , although several studies have documented use of forest habitat by the species (Dexter 1954; Getz 1961; Hamilton 1935; McLeod and Gates 1998; Whitaker 1963 Whitaker , 1972 . Local habitat features found in association with meadow jumping mice commonly include lush herbaceous vegetation (Giuliano and Homyack 2004; Whitaker 1963 ) such as jewelweed (Impatiens capensis), a species commonly found in moist environments (Tabak and von Wettberg 2008; Whitaker 1972) . Other local habitat associations include proximity to habitat edges (Getz 1961; Quimby 1951 ) and sources of water (Getz 1961; Maisonneuve and Rioux 2001; Quimby 1951 ; but see Whitaker 1963) .
In much of the Midwestern United States, agricultural modification of habitat has dramatically reduced native habitat and reconfigured landscapes. Small mammals often view an agricultural matrix as unsuitable, with decisions regarding dispersal influencing a species' ability to recolonize patches (Aschwanden et al. 2007; Goheen et al. 2003; Russell et al. 2007 ). Responses of forest rodents to agriculturally induced loss and fragmentation of habitat have revealed positive effects of patch area and proximity on probability of E 2009 American Society of Mammalogists www.mammalogy.org occupancy or abundance (Moore and Swihart 2005; Nupp and Swihart 2000) . Local occupancy of sites also has been related to amount and accessibility of habitat at landscape and regional scales (Rizkalla et al. 2009; Swihart et al. 2007) .
Theoretical studies based on neutral landscape models predict the existence of critical thresholds in landscape attributes, such as percent of habitat, at which abrupt changes in ecological processes occur (Fahrig 1998; Flather and Bevers 2002; Jager et al. 2006; Lande 1987) . Because of imposing data requirements, few empirical tests of critical thesholds exist for vertebrates. However, thresholds in habitat loss or isolation have resulted in sharp reductions in density (Virgós 2001) and occupancy (Radford and Bennett 2004) for European badgers (Meles meles) and white-browed treecreepers (Climacteris affinis), respectively.
In many studies of habitat relationships, failure to detect the species of interest does not imply its absence from a site (MacKenzie et al. 2002; Tyre et al. 2003) . In these situations, assessing the probability of detection of a species at a site, given its occurrence there, should be done before attempting to assess probability of occurrence generally and its relation to environmental covariates specifically (MacKenzie et al. 2006) . Meadow jumping mice are geographically widespread, but locally infrequent and relatively difficult to trap (Boonstra and Hoyle 1986; Clippinger 2002; Francl et al. 2004; Moses and Boutin 2001) . Unfortunately, we are aware of only 1 study of meadow jumping mice that has addressed imperfect detection (Nichols and Conley 1982) . Coupled with the relatively low trappability of meadow jumping mice, the assumption of perfect (and homogeneous) detection made in other studies suggests that earlier results may contain substantial bias (Gu and Swihart 2004) . We incorporated imperfect detection when testing predictions related to estimates of probability of occupancy.
Our objectives were to test predictions regarding occurrence of meadow jumping mice with features of habitat predicted to be important at local, patch, and landscape scales. Specifically, we predicted that meadow jumping mice were more likely to occur in grassland versus forest sites, in habitats characterized by considerable edge, with greater probability in sites with denser ground cover and closer proximity to water (or vegetative indicators such as jewelweed), in larger habitat patches with greater proximity to similar habitat, and in landscapes containing higher percentages of grassland and forest habitat. We also tested for the presence of a critical threshold in available habitat below which occupancy rates in landscapes were predicted to decline at an accelerated rate.
MATERIALS AND METHODS
Study area.-The study was conducted in the upper Wabash River basin, an area of .20,000 km 2 in northern Indiana encompassing 22 counties. Ninety-six percent of the basin is privately owned, and 88% of it is planted in corn or soybeans (Swihart and Slade 2004) . Intensive agriculture has resulted in extensive modification of the basin's native habitats; only 8% of the basin currently is forested, and this habitat often persists as remnant woodlots or riparian forests that are either too wet or too steep to cultivate (Moore and Swihart 2005; Swihart et al. 2006) .
Details of site selection are provided elsewhere (Moore and Swihart 2005; Swihart et al. 2006) . Briefly, to select study landscapes, the basin was overlaid with 800 square, 23-km 2 cells. For all cells except those overlapping the boundary of the basin, data layers were assembled for human population density; percent forest, farmland, wetland, urban, and grassland; distance to publicly owned lands; hydrologic gauging stations; length of streams and rivers; and density of roads and railroads. After standardization, principal component analysis was performed, followed by k-means cluster analysis to classify similar cells into groups. Cells (hereafter termed landscapes) were selected randomly from these groups to span the range of land-cover variation in the basin. Because our sampling was designed to deal with 2 complementary projects (Swihart and Slade 2004) , a subset of the data layers was used to select 22 study landscapes in the 2 southwestern watersheds of the basin, and the complete set of data layers was used in selecting the remaining 13 study landscapes distributed among the other 6 watersheds in the basin. Within each of the study landscapes, all 30 3 30-m pixels (about 27,800) were classified into 1 of 5 land-cover categories. Prospective sampling sites then were stratified among the 5 categories using a 1:10:10:10:5 ratio for agriculture, forest, grassland, wetland, and urban, respectively. The maximum number of sites that could feasibly be sampled from a single habitat type in a summer (n 5 45) was used to scale the total number of maximum potential points to be sampled of each habitat type. In practice, sampling maxima rarely were attained, because of constraints on time, the amount of habitat in a landscape, and access to properties. Once the number of samples had been determined for each land-cover type, the points within a type (e.g., grassland) were assigned randomly to pixels of that type within the landscape. An exception was forest, in which points were stratified according to the distribution of forest patch sizes. Three categories of forest patches were recognized based on natural cut-points for the basin as a whole (small: ,5 ha; medium: 5-50 ha; large: .50 ha), and points were allocated in proportion to the log 10 area in each category. All sites selected were subject to the additional constraint that they had to be separated by !200 m from previously selected points of that type. Prospective sample sites were overlaid on a digitized plat map to identify target landowners, who were contacted subsequently for permission to conduct sampling. In cases where landowners were noncooperative, efforts were made to relocate the sampling site to another patch of similar size.
Mammal sampling.-During May through August of [2001] [2002] [2003] 922 sites were sampled during a total of 33 weeks. Each site was sampled via livetrapping for a single 1-week period during the study. Multiple models of Sherman traps (H. P. Sherman Traps, Inc., Tallahassee, Florida), and Fitch traps modified from soda cans, were used for sampling. Traps were prebaited for 3 days and were checked for 5 consecutive days. Temperature and precipitation were recorded during each trap session. Traps were baited with a mixture of sunflower seeds, rolled oats, and peanut butter.
Three different trap configurations were used to account for the different shapes of sample sites and to enable density estimation at selected sites. Trapping webs (Wilson and Anderson 1985) were used at 29 sites. Webs consisted of 12 transects emanating from a central point and separated from adjacent transects by 30u. A cluster of 4 traps was placed at the center of the web. From the web center, the first 2 trap stations on each transect were spaced 5 m apart, followed by 2 additional trap stations spaced 10 m apart, and finally 4 trap stations spaced 15 m apart. For 131 linear habitat corridors, traps were arranged in a 5 3 2 configuration along the long axis of the corridor using a spacing of 15 m between adjacent traps. One line of 5 traps was positioned 7.5 m from an edge of the corridor, whereas the other line of 5 traps was set 7.5 m on the other side of the corridor edge. Finally, 762 habitat patches were sampled using square configurations of 9, 16, or 25 traps at 15-m spacing. The size of grid generally was dictated by the size of the habitat patch. All captured mammals were handled in accordance with guidelines approved by the American Society of Mammalogists (Gannon et al. 2007) , as approved by the Purdue Animal Care and Use Committee.
Sampling of local, patch, and landscape covariates.-To test our predictions regarding factors associated with occurrence of meadow jumping mice, we collected data on several local habitat, patch, and landscape variables. At each sampling site, we measured the vertical structure of vegetation, presence of water, and level of disturbance. Vertical structure was assessed using a density board broken into 3 strata: 0-0.3 m, 0.3-1 m, and 1-2 m. Density boards were held 5 m away from plot center in the cardinal directions, and results were averaged together to represent the site. The lowest 2 strata subsequently were averaged together to yield a derived variable for density from 0 to 1 m (Dens1) as well as density from 1 to 2 m (Dens2). Presence of water was a categorical variable. A site received a 1 if it contained or bordered a stream, lake, pond, or ephemeral pool that was wet during sampling; otherwise it was recorded as 0. We included level of disturbance (Disturb) as an ordinal variable ranging from no disturbance (0), low disturbance (1), medium disturbance (2), to high disturbance (3). Examples of disturbance included fire, logging, grazing, flooding, ice storms, windthrow, insects, and plant disease. Disturbance severity was determined by amount of damage done to the vegetation within a plot and the estimated amount of time elapsed since disturbance.
The patch-level variables proximity, shape, and area also were measured for each sampling site. Proximity was defined as plot area (m 2 ) divided by the nearest distance squared (m 2 ) between the plot and all patches with the same habitat type occurring within 400 m of the sampling plot (Gustafson and Parker 1992) . Shape was the patch perimeter length divided by the minimum perimeter possible in square raster format (Bogaert et al. 2000; Milne 1991 ). Thus, shape equals 1 when a patch exhibits the minimum perimeter possible for its area, and exceeds 1 when the patch perimeter is increasingly complex relative to the patch area. Proximity and shape were computed using FRAGSTATS (McGarigal and Marks 1995) . Patch area (ha) was determined using geographic information system data layers.
Metrics were derived from a geographic information system for each of the 35 study landscapes. We considered percent of the landscape in forest (F), grassland (G), and water (W), as well as road density (R, km/km 2 ) in a landscape. Occupancy modeling and statistical analysis.-We incorporated imperfect detection when estimating probability of occupancy by using the single-season model of MacKenzie et al. (2002) as implemented in PRESENCE2.2 (Hines 2006) . We constructed 5-digit detection histories for each site by recording a 1 if a meadow jumping mouse was captured at the site during the day in question and a 0 if no mice were detected. Thus, a detection history of 10001 denotes a site at which meadow jumping mice were trapped on sampling days 1 and 5 but not on days 2-4. Detection histories permit use of a likelihood-based approach to simultaneously obtain unbiased estimates of the probabilities of occupancy (y) and detectability (p) of a species at a site when p , 1 (MacKenzie et al. 2002) . Because our sampling occurred over several weeks in each year, when estimating p we incorporated average temperature of each sampling day as a sample-specific covariate. Precipitation was considered as a possible covariate in preliminary models but failed to contribute significantly and was omitted from subsequent analyses. To account for the different trapping configurations that were used, we also included trapping effort as a sample-specific covariate when estimating p, where trapping effort was determined for each site as the number of traps multiplied by trapping occasions, minus the number of disturbed traps. The Julian day of 1st trapping also was used as a covariate for each site, based on the assumption that p should increase with increasing numbers of individuals recruited into the trappable population. A logit link function was used to model heterogeneity in detection with these covariates.
To test whether meadow jumping mice were more likely to occur in grassland versus forest sites, we constructed a singleseason model containing habitat (forest or grassland) as a categorical variable. All other predictions were tested separately for forest and grassland sites, where sites refers to both patches and corridors. Because few grassland corridors were sampled, we tested whether meadow jumping mice were more likely to occur in sites with considerable edge (i.e., corridors) using only data from forest patches and corridors.
Relative importance of local habitat features versus patchlevel factors was assessed by constructing 3 candidate models for both forest and grassland habitat. First, we tested whether meadow jumping mice occurred with greater probability in sites characterized by denser ground cover and closer proximity to water by incorporating vertical structure data in each of 2 height strata as continuous covariates and presence or absence of water as an indicator variable. To test patchlevel predictions, that is, whether probability of occurrence was greater in larger habitat patches with greater proximity to similar habitat, we constructed models containing as continuous covariates patch area and shape as well as proximity to like habitat types. A 3rd global model containing both suites of local and patch-level variables also was constructed. In all occupancy models, year was included as a nuisance predictor of occurrence. Year was included as a pair of indicator variables (00 5 2001, 01 5 2002, 10 5 2003) for all models. A logit link function was used to model heterogeneity in probability of occupancy when testing these predictions. We incorporated model selection uncertainty into our analysis by performing multi-model inference based on Akaike's information criterion (AIC) with a correction for overdispersion (QAIC-Burnham and Anderson 2002 ). An estimate of overdispersion, ĉ, was computed from 10,000 bootstrap simulations for global models using the goodness-of-fit statistic described in MacKenzie et al. (2006:110-112) . Corrected variance estimates were obtained by multiplying ĉ by the estimated variances for all models in a candidate set (Burnham and Anderson 2002) . We performed model averaging on the R candidate models with DAIC 4 to estimate parameters ĥ A :
where w i can be thought of as the probability that model i is the ''best'' model of the R candidates,
Standard errors for model-averaged parameters were estimated as:
To test the landscape-scale prediction that occupancy rates should be greater in landscapes containing higher percentages of grassland and forest habitat, we averaged the estimated probabilities of occupancy for sampling plots within a landscape. The averages calculated for forest and grassland sites in landscape i, ŷ if and ŷ ig , respectively, were multiplied by weights c if and c ig , representing the proportion of forest and grassland occurring in landscape i. The weighted estimate for occupancy probability of landscape i, that is, ŷ w 5 c if ŷ if + c ig ŷ ig , was then used as the response variable in ordinary leastsquares regression models containing 1 or more of the predictor variables road density (D), fraction of landscape in forest (F), grassland (G), and water (W). We considered 7 candidate models: a global model (F + G + W + D) as well as G + W, F + W, F + G, F, G, and W. Multimodel inference was conducted as described above except that DAIC was computed from AIC using a bias-correction term for small (n 5 35 landscapes) sample size (AIC c -Hurvich and Tsai 1989) and AIC c weights, and all candidate models were included in model averaging. All inference was made using 1-tailed tests with a 5 0.10.
After conducting multimodel inference to examine landscape-level factors influencing occupancy in a linear fashion, we tested for the presence of a threshold amount of habitat availability in a landscape below which occupancy probability was predicted to decline at an accelerated rate. We used piecewise linear regression of ŷ w on the landscape-level predictor receiving the greatest support from among the single-factor models in the candidate set described in the previous paragraph. The piecewise regression model fits 2 straight lines to the data, connected at a breakpoint (Toms and Lesperance 2003) . Estimation of the slopes and breakpoint was done using the SiZer package in R (Sonderegger et al. 2009 ). Confidence intervals were estimated with 2,000 bootstrap samples.
RESULTS
Trapping results.-Out of the 922 sites sampled, 614 and 233 were classified as forest and grassland sites, respectively. In 147,564 trap-nights, we recorded a total of 293 captures of meadow jumping mice (1.98 captures per 1,000 trap-nights), with 195 and 84 captures in the forest and grassland sites, respectively. Meadow jumping mice also were captured in the general cropland (11 captures in 50 sites) and the wheat-field sites (3 captures in 4 sites).
Testing general habitat associations.-Estimated mean (6 SE) occupancy probabilities for forest (0.25 6 0.03) and grassland (0.22 6 0.04) did not differ significantly (z 5 0.61, P 5 0.73). Incorporating imperfect detection increased estimates of occupancy for forest and grassland sites by 56% and 38%, respectively, from the naïve estimate of 0.16 obtained by assuming p 5 1. Estimated mean occupancy probabilities of forest corridors (0.37 6 0.10) and forest patches (0.26 6 0.04) trended in the direction predicted but were not significantly different (z 5 1.22, P 5 0.11). Incorporating imperfect detection increased estimates of occupancy by 123% (forest corridors) and 57% (forest patches) above naïve estimates.
Testing local and patch-level covariates.-Covariate data at local and patch scales were obtained for 300 forest and 174 grassland sites, with 40 and 30 captures, respectively. The global grassland model yielded ĉ 5 1.15, indicating a good model fit (bootstrap P 5 0.210). Of the 3 candidate models for grassland, only the model containing local habitat variables received support as the QAIC-best model (Table 1) . Vegetation density 1-2 m aboveground at the site was a significant predictor of occupancy, as was year ( Table 2) . The global forest model yielded ĉ 5 1.40, indicating some overdispersion (bootstrap P 5 0.063). Global and patch-only models were within 4 QAIC units of each other (Table 1 ). Vegetation density ,1 m aboveground and year were significant predictors of occupancy at forest sites ( Table 2) . Probability of detection declined with increasing temperature for forest sites (Table 2) .
Presence or absence of jewelweed was recorded at too few sites to permit its inclusion as a categorical variable in singleseason occupancy models. However, comparison of sites with (119) and without (107) jewelweed revealed that meadow jumping mice were captured disproportionately often at sites with jewelweed (24 versus 11; x 2 5 3.10, d.f. 5 1, P 5 0.079).
Landscape-scale variation in occupancy.-When modeling the weighted mean site-specific probability of occupancy in a landscape, only the regression models containing percent forest (F) received support from an information-theoretic perspective (lowest AIC c values; Table 3 ). Model-averaged regression coefficients (Table 4) indicated that the mean probability of site occupancy in a landscape was positively related to the percent of forest (b 6 SE: 0.378 6 0.053) in that landscape.
Test of critical threshold.-Piecewise linear regression of average site-specific occupancy, ŷ w , against the proportion of a landscape in forest yielded an estimated breakpoint of 0.40 (Fig. 1) . Below the breakpoint, occupancy rate increased with increasing forest cover (slope 5 0.48, P , 0.01), whereas above the breakpoint occupancy rate appeared to no longer increase with forest cover (slope 5 20.88, P . 0.15). The change in slope on either side of the breakpoint was not significantly different from 0 (P . 0.15), indicating that a critical threshold in forest cover did not exist. * 0.05 , P 0.10; ** 0.01 , P 05; *** P , 0.01.
DISCUSSION
Previous studies of habitat selection by meadow jumping mice likely have grossly underestimated the extent of use of habitats by the species. If we had assumed that the species was absent from sampled sites at which it was not captured, we would naively have estimated that 16.0% of the sites were occupied. An assumption of perfect detection was unwarranted for meadow jumping mice; estimated detection probabilities were 0.168 and 0.164 for grassland and forest sites, respectively. By incorporating imperfect detection into our analysis, our mean estimates of occurrence increased to 22.1% for grassland and 24.5% for forest sites, respectively. Underestimates of this magnitude may be common for species with such low probabilities of detection. Fortunately, most trapping studies of small mammals involve 2 or more sampling occasions, thereby permitting estimation of p from detection histories. To avoid biases associated with an assumption of perfect detection, we strongly encourage those working with small mammals to incorporate imperfect detection in future analyses of abundance and occurrence (MacKenzie et al. 2006; Williams et al. 2002) .
Grassland habitat was not preferred.-Contrary to the majority of prior studies examining habitat associations of meadow jumping mice (Bellows et al. 2001; Dexter 1954; Getz 1961; Gifford and Whitebread 1951; Hamilton 1935; Iverson et al. 1967; Quimby 1951) , we found no significant difference between occupancy of forest and grassland sites. We suspect that grassland habitat in the basin generally is of poor quality for meadow jumping mice. Dominant vegetation in grasslands sampled in our study often included exotic species such as fescue or featured regular grazing and mowing. In addition, the quantity of herbaceous habitat available to meadow jumping mice averaged only 1% of total land cover across the 35 landscapes considered. Even if herbaceous habitat was highly preferred over forest habitat, low availability, small patch size, and high fragmentation of grasslands likely would reduce its level of occupancy relative to more plentiful habitats. Across their range, meadow jumping mice appear capable of utilizing both forest and grassland habitats, with their relative importance dictated at least partly by availability. For instance, in Ithaca, New York, Whitaker (1963) noted that abundant grassy fields were the principal habitat of meadow jumping mice, although wet, open woods with lush understory vegetation supported the greatest local densities.
The importance of habitat edges.-Occupancy rates for forest corridors were greater than rates for forest patches, but not significantly so (P 5 0.11). Previous studies indicated use of forest edge habitat and open woodlands by meadow jumping mice (Getz 1961; Maisonneuve and Rioux 2001; Quimby 1951 ). We did not categorize forest habitat into availability of core versus edge, because we do not know the scale at which meadow jumping mice perceive ''edge.'' Since TABLE 4.-Model-averaged estimates of coefficients (b j ) and standard errors (SEs) derived from the models in Table 3 for predicting weighted mean occupancy probability of meadow jumping mice for grassland and forest sites sampled in a landscape. Increasing percent forest cover in a landscape was associated with greater sitespecific probabilities of occupancy within the landscape. Results are based on thirty-five 23-km 2 landscapes sampled in the upper Wabash River basin, Indiana. 1940, closed canopy forest in the basin has increased by 79%, and the percent of this forest bordering nonforest habitat (water or urban) has increased by nearly 2 orders of magnitude (Martin et al. 2008) . We suspect that the increased forest edge habitat associated with closed canopy forest offers meadow jumping mice a habitat structure comparable to forest corridors. In other words, much of the current forest habitat in the upper Wabash River basin may be viewed as edge habitat from the perspective of meadow jumping mice.
Local effects.-Meadow jumping mice use riparian forest corridors and correspond to local features of riparian habitat (Getz 1961; Maisonneuve and Rioux 2001; Quimby 1951) . Examination of our data indicated an association between captures and the presence of jewelweed. Jewelweed is an important food resource for meadow jumping mice (Whitaker 1963 (Whitaker , 1972 and is a moist-site species (Tabak and von Wettberg 2008) . Remnant forests in the basin often occur as riparian corridors or wet woodlands that cannot be farmed. Thus, the relatively low amount of forest in the basin (average 5 18.3% across the 35 landscapes) may nonetheless be of relatively high quality for meadow jumping mice.
Consistent with predictions from prior studies, a greater probability of occupancy was found in sites with denser ground cover (Burt 1948; Getz 1961; Giuliano and Homyack 2004; Goodwin 1932; Gunderson 1950; Quimby 1951; Sheldon 1938; Whitaker 1963 Whitaker , 1972 . Native prairie remnants and grasslands enrolled in the Conservation Reserve Program tend to have denser, taller, ground cover. In the interior of forests, denser ground cover typically is associated with openings in the canopy that permit increased light levels at the forest floor. Many of the sites occupied by meadow jumping mice fit this general description. However, it is likely that the availability of early successional interior forest habitat has declined in the study area. Over the past 6 decades, open canopy forest has declined by 66% in the basin (Martin et al. 2008) . This change has occurred in response to secondary succession coupled with reduced timber harvest, and likely has reduced the number of canopy gaps and interior forest areas of dense ground cover available to meadow jumping mice. In the absence of gap formation, interiors of forest patches likely will decline in suitability for meadow jumping mice.
No patch-scale effects on occupancy.-We failed to find effects of patch size, shape, or proximity on occupancy, suggesting that occupancy may have been more affected by the type of habitat adjoining the grassland or forest sites. In a meta-analysis of patch occupancy from 89 studies of terrestrial fauna, Prugh et al. (2008) concluded that occupancy was poorly predicted by patch size and isolation but was tied more closely to properties of the matrix between patches. In an analysis of patch occupancy by 137 species of mammals, Swihart et al. (2003a) reached similar conclusions.
Landscape-scale effects of forest cover.-Even though habitat within 400 m of a patch had no effect on occupancy, largerscale phenomena appeared to influence local occurrence of meadow jumping mice. Specifically, mean site-specific probability of occupancy was positively influenced by forest coverage in each 23-km 2 landscape. These results highlight the importance of assessing factors influencing occupancy at multiple spatial scales (Holland et al. 2004) . The importance of landscape-scale effects on occupancy patterns suggests that for meadow jumping mice, local occupancy is driven less by local birth-death dynamics and more by colonization-extinction dynamics that are related to the extent of suitable forest habitat in the surrounding landscape. Consistent with this interpretation, interspecific comparisons indicate that viability of small mammal populations typically depends on dispersal (Fagan et al. 2001) . Regardless of whether meadow jumping mice are more accurately characterized by a metapopulation or patchy population structure (Ovaskainen and Hanski 2004) , it is clear that landscape-scale heterogeneity influences patterns of site occupancy in areas dominated by production agriculture.
Niche breadth has been related positively to tolerance of habitat loss and fragmentation for many mammals (Swihart et al. 2003a (Swihart et al. , 2003b and birds (Devictor et al. 2008 ). In the upper Wabash River basin, meadow jumping mice used grassland and forest sites in proportion to their availability. Such general use of habitat types suggests a tolerance to anthropogenic modification of landscapes. However, our detailed analysis of occupancy patterns revealed that there are limits to the resilience of meadow jumping mice. Grassland habitat, an important resource in other areas of the species' range (Whitaker 1963) , is in short supply and generally of low quality in the basin. Perhaps as a consequence, forest land cover is tied closely to landscape-level variation in occupancy rates-complete loss of forest in a landscape could lead to extinction of meadow jumping mice (see intercept of Fig. 1 ).
Evidence for a critical threshold in forest cover.-We were unable to demonstrate the existence of a threshold. Only 3 sampled landscapes exhibited values for percent forest cover that exceeded the estimated breakpoint, resulting in a piecewise regression with low power. We thus view the possibility of a threshold as a working hypothesis that awaits collection of additional data on landscapes with greater levels of forest cover. Empirical determination of thresholds in landscapes is rare because species responses to habitat loss and fragmentation can involve long time lags. In addition, replication of studies across landscapes that vary in habitat conditions is difficult. Despite these obstacles, the conservation importance of landscape thresholds warrants further effort in testing for their presence. Until such tests are done, we encourage adoption of a precautionary principle when managing landscapes for which the existence of thresholds remains unclear (Jaeger and Holderegger 2005 
